Abstract Study
Introduction
Annual age-adjusted incidence of new sarcoidosis cases is approximately 10-40 per 100,000 and the disease is at least three times more common in African-Americans than in Caucasians [1] . Disease pathogenesis is related to hyperTh1 cellular activation by a presumed unknown antigen. The disease can involve every organ system, but lung disease predominates. Diagnosis of sarcoidosis is most certain when based on histologic confirmation of noncaseating granulomas in affected tissue.
Sarcoidosis severity at diagnosis and the disease course are significantly different by race. African-Americans have more advanced disease at diagnosis when considering forced vital capacity, chest radiographic stage, and extrathoracic involvement compared with Caucasians [1] [2] [3] [4] . African-Americans are also more likely to have a chronic disease course with a lower frequency of disease remission, and more new organ development [2, 4] .
Bronchoscopic lung biopsies are the most commonly utilized method for the histopathologic confirmation of noncaseating granulomatous inflammation [5] , but the racial distribution and biopsy yield of patients undergoing diagnostic bronchoscopy is infrequently described. In a retrospective analysis, Torrington et al. [6] reported a significantly higher yield of endobronchial and transbronchial biopsies in African-Americans compared with Caucasians (85 vs. 38%; p = 0.0008), but these same authors, in a prospective study, found race was not a significant factor with regard to biopsy yield. Neither of these studies was designed to specifically test whether race is associated with granuloma density and consequently is a factor in biopsy yield. Furthermore, no studies have produced any histopathologic evidence that would suggest race is related to the extent of granuloma burden in sarcoidosis.
To determine whether lung granuloma density is greater in African-Americans compared with Caucasians, we retrospectively measured granuloma density in bronchoscopic lung biopsy specimens at diagnosis. We tested for the association of race with granuloma density after adjusting for other factors that could influence granuloma density such as chest radiograph stage, biopsy type, presence of necrosis, and biopsy number.
Methods
Study subjects were identified retrospectively among patients presenting with clinical indications for sarcoidosis who subsequently had histopathologic confirmation of pulmonary sarcoidosis from flexible bronchoscopic lung biopsies taken between July 1991 and December 2001. All pathologic specimens were negative for special stains and cultures for mycobacterium and fungal infections. The specimens also had limited or no necrosis (the presence of necrosis is more commonly associated with infection but may be present in a limited number of sarcoidosis granulomas). Chest radiograph involvement was characterized according to the Scadding classification scale [7] . Subjects with normal (stage 0) and stage IV chest radiographs were excluded a priori due to small numbers.
Biopsies were reviewed for granuloma counts by a single pulmonary pathologist (CHS). Biopsy type was classified by three levels: (1) endobronchial biopsy (EBBX), (2) transbronchial biopsy (TBBX), and (3) both endobronchial and transbronchial biopsies. Transbronchial needle aspirates of lymph nodes were excluded. All biopsies were formalin fixed and embedded in paraffin. For each biopsy specimen a minimum of three slides were prepared from stepwise tissue section levels, with each slide affixed with at least three 4-lm-thick adjacent tissue sections, per standard technique (Fig. 1) . All slides were initially scanned at low magnification (49 objective) to determine which sample tissue section had the greatest number of granulomas per standard pathologic procedure. The selected sample tissue section was then examined, at intermediate magnification (109 objective) for the following parameters: total number of tissue pieces, the type of tissue obtained per piece (bronchial predominant vs. alveolar predominant), the total number of granulomas present, the distribution of granulomas (bronchial vs. alveolar), and the presence/absence of necrosis. To prevent a biased assessment of granuloma count, the pathologist was blinded to patient demographic and clinical data.
Data were analyzed with SAS statistical software (SAS Institute, Cary, NC). Univariate data analyses included Student t tests for normally distributed continuous variables, Wilcoxon rank sum tests for non-normally distributed continuous variables, v 2 tests for categorical variables, and Fisher's exact tests for dichotomous variables with low cell counts. Granuloma density was defined as the mean number of granulomas per biopsy piece. Due to data overdispersion, we decided on an analytic strategy of using a negative binomial regression model, which is a generalization of the Poisson regression model for discrete data that accounts for overdispersion by including a disturbance or error term [8] . The advantage of the negative binomial distribution over the Poisson is that the latter requires the mean and variance to be equal while the former does not. A negative binomial regression model of granuloma density was fit using PROC GENMOD in SAS [9] with granuloma count as the outcome variable. Crude and adjusted associations with granuloma density were examined for race (African-American vs. Caucasian), sex, chest radiograph stage (I, II, III), and biopsy type (TBBX, EBBX, or both). Second-and third-order interactions were also tested in a saturated model.
Results

Study Population and Biopsy Characteristics
The study sample was drawn from a larger sample of sarcoidosis patients (n = 235) who initially underwent bronchoscopic biopsy for diagnostic purposes. Among these patients, the 139 of 169 (82%) African-American patients and the 48 of 66 (72%) Caucasian patients who had lung tissue containing granulomas consistent with sarcoidosis (n = 187) on initial biopsy comprised the analytic sample for the current study. The remaining 48 patients without histopathologic evidence for sarcoidosis on initial evaluation were later confirmed to have disease either based on a second biopsy with histopathologic evidence of noncaseating granulomas or by clinical observation. Among African-American patients, 149 of 169 (88%) were eventually histopathologically confirmed (repeat bronchoscopy, transbronchial needle aspiration, surgical lung biopsy, or skin biopsy) to have sarcoidosis. A similar percentage of the Caucasian patients, 89% (59/66), eventually had histopathologic confirmation of disease.
In our analytic sample of 187 sarcoidosis patients, granuloma density had a distribution that was highly skewed to the right irrespective of race (Fig. 2 ). The study sample was predominantly African-American (74%) and female (66%) with a mean age at diagnosis for AfricanAmerican patients of 39.5 ± 12.0 years and 42.2 ± 12.0 years for Caucasians (Table 1 ). While AfricanAmerican patients were more likely than Caucasians to have an advanced radiograph stage at the time of diagnosis (African-American patients had more stage II and III radiographic patterns, whereas for Caucasian patients stage I was the most frequent), the racial difference in radiographic stage was not statistically significant (p = 0.2). Most patients were diagnosed by transbronchial biopsy (64.2%), and type of biopsy chosen by the operator was not associated with race (p = 0.6). A total of 1086 biopsy pieces were used for counting granulomas. The mean and median number of pieces per person was 5.8 ± 2.4 and 5, respectively, with no racial differences observed in the number of biopsy pieces (p = 0.84). In total, 3022 granulomas were recorded with 75% of the granulomas found in the bronchial tissue that comprised 71% of the pieces examined. In the 103 patient tissue samples that consisted of both bronchial and alveolar tissue, granuloma density was higher in the bronchial compared with alveolar tissue (2.67 ± 2.75 vs. 2.35 ± 5.00), but this difference was not statistically significant. There was a modest statistically significant correlation in granuloma density between the two tissue types (r = 0.22; p = 0.02). Granuloma density varied by race, with the median granuloma density in African-Americans twofold greater than in Caucasians (Table 1 , Fig. 2 ).
Granuloma Density Analysis
Since granuloma density was variable between the two tissue types, we first analyzed each separately (Table 2) . African-American patients had an 86% greater bronchial granuloma density compared with Caucasian patients (p = 0.0007). After adjustment for radiographic stage and other confounders, the bronchial granuloma density for African-American relative to Caucasian patients decreased to 48%, but was still statistically significant (p = 0.03).
Scadding stage was also a strong independent predictor of bronchial granuloma density, with adjusted 72% (p = 0.003) and 112% (p = 0.0003) increases in radiographic stage II and stage III granuloma density compared with stage I patients.
In the analysis of granuloma density in alveolar tissue, we found two observations with granuloma density estimates that were extreme outliers and therefore we removed them from the analysis. In the remaining 118 observations, African-American patients had a 68% greater alveolar granuloma density compared with Caucasian patients that increased to 76% in the adjusted model but did not achieve statistical significance (p = 0.09). Radiographic stage also had a positive association with alveolar granuloma density similar to that observed in bronchial tissue, but the beta estimates for both stage II and stage III disease were slightly lower and failed to achieve statistical significance in either crude or adjusted models.
In Table 3 we show the parameter estimates for all variables of interest in the models that were run in Table 2 : race, radiographic stage, sex, age, necrosis, and biopsy type. We also added covariates for tissue source (bronchial, alveolar, or both). Both African-American race and radiographic stage remain significant in the combined analysis of the two tissue types, with a trend for greater granuloma density moving from radiographic stage I to III. Interestingly, a greater granuloma density was associated with patient samples in which granulomas were found In stratified analyses of race and sex associations with granuloma density, we found that radiographic pattern was not associated with granuloma density in African-American females and Caucasian males but was strongly associated with granuloma density in the other two race/sex groups (Fig. 3) . The adjusted difference of granuloma density for stage III lung tissue compared with stage I lung tissue ranged from sixfold in Caucasian females and African-American males, but was only 20 and 44% in African-American females and Caucasian males, respectively. Second-order interaction coefficients for race 9 stage, sex 9 stage, or race 9 sex did not reach statistical significance, i.e., p = 0.34, p = 0.38, and p = 0.93 respectively, but a third-order interaction coefficient for race 9 sex 9 stage was statistically significant (p = 0.008).
Discussion
We report the first histopathologic comparison of granuloma density in sarcoidosis by race, and have observed that African-American sarcoidosis patients have 86% greater bronchial granuloma density compared with Caucasian patients. Furthermore, we found that bronchiolar granuloma density was increased in African-American patients even after controlling for radiographic stage of disease. Radiographic stage of disease had a strong positive association with granuloma density in two of the four demographic subgroups in our study, Caucasian females and African-American males. While radiographic stage was not associated with granuloma density in either Caucasian male or African-American female patients, in the latter an approximately twofold higher granuloma density was observed irrespective of radiographic stage. In fact, when combining granuloma density data across radiographic stage, African-American females had about a 30% greater granuloma density compared with either AfricanAmerican males or Caucasian females.
Previous studies of bronchoscopic lung biopsy yields have given discrepant results regarding the influence of race on yield. Torrington et al. [6] , in a retrospective series, evaluated the effect of race and radiographic stage on bronchoscopic lung biopsies at diagnosis. The endobronchial biopsy yield was 85% in African-Americans compared with 38% in Caucasians (p \ 0.001). Transbronchial biopsy yields were also significantly higher in African Americans versus Caucasians with yields of 74 vs. 50%, respectively (p \ 0.01). The results presented by Torrington et al. did not control for the effect of radiographic pattern, a likely strong confounder that might influence both the decision of a clinician to biopsy and his ability to sample granuloma-laden tissue. Shorr et al. [10] , in a follow-up prospective study, reported that AfricanAmerican race was not significantly associated with improved endobronchial biopsy yield; however, their data showed that African-American patients had a 2.1-fold greater odds of positive biopsy. Assuming that biopsy yield is influenced by both granuloma density and volume of lung with disease involvement, then our results provide a partial explanation for the greater endobronchial biopsy yield observed in African-Americans.
African-Americans have more extensive disease burden and a more recalcitrant disease course as thoroughly reviewed by Westney and Judson [11] . African-Americans were also found to have more severe disease as assessed by the newly developed Sarcoidosis Severity scoring tool [12] . One possible explanation for the greater granuloma density we observed in African-Americans is that African-American patients undergo a more severe uncontrolled immune reaction to the disease-inciting agent. Alternatively, African-American patients may have biopsies performed later in their disease course. Judson et al. [4] evaluated the impact of race, income, and insurance status as predictors of time from symptom onset or physician presentation to diagnosis. A higher Scadding stage was associated with a prolonged diagnosis from symptoms and physician presentation (B6 months vs. [6 months), but race was not a significant factor.
African-American females had a much higher granuloma density in radiographic stage I disease compared with the other race/sex groups, suggesting an earlier heightened immune response in the lungs of African-American female patients that is sustained with radiographic progression of disease. Few studies have specifically investigated sarcoidosis phenotypes of African-American females, but recently Westney et al. [13] showed that African-American females have more comorbid disease than their male counterparts and Evans et al. [14] showed that in sarcoidosis patients presenting with uveitis, African-American females had significantly more adnexal granulomas diagnosed clinically in patients with eyelid and conjunctival nodules. As in African-American females, we also found no association between radiographic stage and granuloma density in Caucasian males. However, the mean granuloma density in Caucasian males was much lower, and the race/ sex/stage stratum of stage III Caucasian males had the lowest number of observations (n = 3), which limits the inference that can be made about radiographic stage and granuloma density in this race/sex group. In bronchial tissue, we describe more granuloma density (24%) in patients with stage III lung disease compared with stage II and in patients with stage II compared with stage I. It is currently unknown if the radiographic stage II lung is qualitatively different in terms of granulomatous inflammation compared with a stage III lung, but spontaneous remission rates are significantly less in stage III compared with those in stage II [15] . The increased granuloma density we observed in stages II and III could be partially explained by improved sampling, where the operator is directed at ''involved'' lung tissue in patients with stage II or III and random lung tissue in patients with stage I. The cross-sectional nature of our data does not allow us to make any inferences with regard to radiographic progression and increased granulomatous inflammation, but one could postulate that loss of adenopathy in stage III disease may represent a loss of the control of the inflammatory response.
Total lung granuloma burden is a combination of volume of lung involvement and granuloma density within that volume. Our study focused on ''granuloma density'' and was not able to assess the volume of lung involvement. Israel et al. [16] used the modified International Labor Organization/University of Cincinnati (ILO/UC) classification score for pneumoconiosis to show that AfricanAmericans did not have more extensive parenchymal lung involvement in sarcoidosis. Since our investigation is limited to the area of the lung sampled for biopsy, we cannot conclude that African-Americans have more total (i.e., volume 9 density) lung granuloma inflammation even though African-Americans had a 30% higher granuloma density in all lung tissues after adjusting for chest radiograph stage.
Few have published on methods for assessing granuloma density and no validated method to measure density of granulomas exists, with past studies using granulomas per 109 field or subjective categories such as few, moderate, and extensive [17, 18] . The method we used to measure granuloma density involved a single pathologist blind to patient characteristics determining the tissue sample set with the greatest granuloma density and then systematically counting the granulomas present in that tissue sample set. This selection of the most ''afflicted'' sample set is standard methodology within pathology practice, with any error inherent in the process likely random and therefore biasing estimates of effect toward the null. In the total sarcoidosis patient cohort that underwent bronchoscopy, the diagnostic yield was 82% for African-American and 72% for Caucasian patients. Assuming that further sampling of lung tissue of histologic-negative subjects in our cohort would eventually yield evidence of granulomas, but at a lower density than that observed in the initially positive patients, introducing these subjects into the analysis would likely further increase the race difference we observed in granuloma density. By excluding radiographic stage 0 and IV patients, we limit our study inference to patients with radiographic stages I-III, but newly diagnosed sarcoidosis patients at the tail ends of the radiographic spectrum typically make up only 10-15% of all patients diagnosed [1, 2] .
In summary, in a retrospective analysis of a racially heterogeneous population of sarcoidosis patients at time of diagnosis, we found African-American race to be significantly associated with greater granuloma density, even after controlling for radiographic stage. These findings may provide partial histopathologic evidence for the racial differences in severity of disease at diagnosis related to lung involvement, such as reduced forced vital capacity, worse symptomatology requiring treatment, and differences in endobronchial biopsy yields.
